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Enrichment Mechanism of Gold in the Yanlinsi Gold Ore
Concentration Area, Northeastern Hunan: Evidence from Fluid
Inclusions and Isotopes
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Abstract: The Yanlinsi gold ore concentration area, located in northeastern China, remains one of the single gold
deposit bases in Hunan Province. The mechanism of gold precipitation and enrichment in this area has been
widely debated among scholars, and determining the metallogenic mechanism of gold deposits is crucial for
guiding the prospecting of precious metal gold. This study identifies the evolution process of ore-forming fluids
and the key mechanism of changes in fluid geochemical conditions that restrict gold enrichment and
mineralization in the area by examining the temperature, pressure, gas-liquid phase composition, and isotopic
compositions of fluid inclusions. Petrography and microthermometry of the fluid inclusions revealed the presence
of COz-containing inclusions (C-type) and aqueous inclusions (W-type) in the gold deposits of the study area. The
homogenization temperature range of the inclusions in Tuanshanbei and Yanlinsi deposits is 143-231 °C and the
salinity range is (2-9) wt%, indicating that the ore-forming fluid is a CO2-H20-NaCl system with low temperature
and low salinity. The §'30 value of the ore-forming fluid in the gold ore concentration area range from 4.5%o to
9.7%o, and the D value range from —66.8%o to —46%o. The 5'*Cvpps value of the calcites range from —4.7%o to
—3.7%o, and 6'®0Osnow value range from 10.6%o to 15.0%0. The SD-5'%0 binary diagram of the gold ore

ASCH R E S AR TR A F R B B IR (45 2017YFC0601500), 7 H i B 300 H (%55 DD20221695;
DD20190379; DD20160346) . R4 H AR 545 H (4 5 20231160164) . MR 4 H AR IITRIFH H (45 2017-03; 2019-02)
U1 T 44 HiL R B BB H (475 : HNGSTP202423; 2017-01-01; 201902-01; 201917; 2021YSP-05)E4 %

W ks H 459: 2024-01-29; wkla] H 4#: 2024-05-13; FIZ8 5 & H i 2024-05-17, St4F4m48: Dbk,

YRR R AL, 15, 1983 4FAE. WA, SR TR, KIS 1B AR S bR A S5 %Y. E-mail: 157300423@qq.com,

SEAEVER B, B, 1960 4F4E . AL, M T RN XUt S8 A S8 R4 5¥ . E-mail: ddyhjz@126.com,



914 Mo Bk

EE CHI R e

concentration area suggests that the ore-forming fluid may be metamorphic water or magmatic water. The C-H-O

isotope composition of the ore concentration area indicated that the ore-forming fluid is likely metamorphic water,

consistent with the results of the fluid inclusion characteristics. Au exists and migrates in the form of an Au(HS),

complex within the low-temperature and low-salinity CO2-H20-NaCl metamorphic fluid system, with the addition

of atmospheric water, and Au deposits are formed by fluid immiscibility.

Keywords: gold mineralization; carbon-hydrogen-oxygen isotope; fluid inclusion; Yanlinsi gold ore

concentration area; northeastern Hunan Province
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Fig. 2 Schematic diagram of the spatial relationship between granodiorite and diabase dykes
and NE and NW ore bodies in Tuanshanbei mining area
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Fig. 3 Quartz vein outcrops in the granites in Tuanshanbei gold deposit
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Table 1 Hydrogen and oxygen compositions of ore-forming fluids documented in the fluid inclusion

in quartz from Tuanshanbei gold deposit

F5 A 18] LR 3D/%o 5"Ov-smow/%o 3"%Ow,0/%o ¥j—iREE/°C
TSO NE ag —-62.7 12.5 45 271
TS1-1 NE PaE —66.7 17.7 9.7 271
TS1-2 NE PaE -57.6 15.6 7.6 271
TS1-3 NW PaE —62.2 16.6 7.8 254
TS1-4 NW A —66.8 14.9 6.1 254
#z2 HAUELV KRN REMIEARKEFSEA C. O BRERAEARKR
Table 2 Carbon and oxygen compositions of ore-forming fluids documented in the fluid inclusion
in calcite from Tuanshanbei gold deposit
K5 pam| R 0B Cyppp/%o 0"30smow/%o 0"30ppp/%o
TS1-3-1 NE J7 g 3.7 15.0 ~15.4
TS1-3-2 NE J7 g -3.8 14.9 -15.5
TS1-3-4 NE IR -3.9 14.9 -15.5
TS1-2-0 NW Jr A 4.4 12.5 -12.8
TS1-2-2 NW J5fffa 4.6 10.6 ~11.1
TS1-2-5 NW J5fffa 4.7 11.5 -12.0

®3 BRIV REARMEER
Table 3 Hydrogen and oxygen compositions of ore-forming fluids documented in the fluid inclusion
in quartz from Yanlinsi ore deposits

i ] 5D/%o 5"80v.smow/%o 6"%0m,0/%o0 T/°C
YLS215-1 A -56 13.8 1.31 188
YLS215-2 FaE s —46 14.1 1.61 188
YLS215-3 A -58 14.1 1.61 188
YLS180-1 A —54 12.8 0.31 188
YLS180-2 A -58 13.4 0.91 188
YLS180-3 A -53 14.7 221 188
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Fig. 4 Scanning electron micrograph of the fluid inclusions in Tuanshanbei ore deposits
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Fig. 5 Histogram of homogenization temperature and salinity features of the fluid inclusions in Tuanshanbei ore deposit
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Table 4 Homogenization temperature and salinity features of the fluid inclusions from northeastern Tuanshanbei ore deposit

He KM W H—F  TmeoC Tma°C  Thaof°C  Tme°C  ThIC Ji"'fé Y”/ I /(g/em’)
TS1-4-1 L-V Q L 4.0 271.8 6.46q_ 0.819
TS1-4-2 L-V Q L -2.8 268.2 4.63 0.807
TS1-4-3 L-V Q L -3.2 262.1 5.25 0.822
TS1-4-4 L-V Q L 258.3 0.828
TS1-4-5 L-V Q L 4.2 228.3 6.72 0.881
TS1-4-6 L-V Q L -1.5 230.2 2.56 0.845
TS1-4-7 L-V Q L 2344 0.839
TS1-4-8 CO, =AM Q L -61.3 8.4 21.7 295.0 3.19 1.022
TS1-4-9 L-V Q L 249.6 0.816
TS1-4-10 L-V Q L -2.6 265.3 4.32 0.808
TS1-4-11 L-V Q L 267.7 0.805
TS1-4-12 L-V Q L 272.5 0.797
TS1-4-13 L-V Q L -5.8 233.4 8.94 0.894
TS1-4-14 L-V Q L -39 271.5 6.29 0.818
TS1-4-15 L-V Q L -5.6 252.1 8.67 0.868
TS1-4-16 L-V Q L -3.2 240.3 5.25 0.853
TS1-4-17 L-V Q L -2.6 2452 4.32 0.838
TS1-4-18 L-V Q L 248.6 0.833
TS1-4-19 L-V Q L 266.0 0.807
TS1-4-20 4l CO, Q L-CO, 8.0 26.3
TS1-4-21 L-V Q L -5.6 250.6 8.67 0.870
TS1-4-22 L-V Q L -3.5 264.3 5.7 0.823
TS1-4-23 L-V Q L -3.2 235.6 5.25 0.860
TS1-4-24 L-V Q L -2.4 239.2 4.01 0.844
TS1-4-25 L-V Q L 254.2 0.822
TS1-4-26 L-V Q L -1.9 223.0 3.21 0.860
TS1-4-27 C(;Eé Q L-CO, -59.2 6.1 234 338.0 7.31 1.053
TS1-4-28 L-V Q L 228.6 0.852
TS1-4-29 L-V Q L -32 236.0 5.25 0.859
TS1-4-30 L-V Q L —-4.6 250.2 7.29 0.858
TS1-4-31 L-V Q L 265.4 0.837

HE: Tmeo,— —AABRIFALIRIL; Dna—4- G WO Y f)EIREE:; Theo,— —BAMMRKIBII I —MIE; Tnee— VKR Th—31—iEE

# 5,6 WRTES ZAMFE,
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Table 5 Homogenization temperature and salinity features of the fluid inclusions from northwestern Tuanshanbei ore deposit
s Y T & Tmco,C Tma/°C Thco/°C  Tmieo/°C  Th/°C #;'Ia%‘hl/wtb% B/ (g/em?®)
TS1-1-1 L-v Q L —4.1 232.5 6.52 0.875
TS1-1-2 L-v Q L —4.2 228.6 6.72 0.881
TS1-1-3 L-v Q L 292.2 0.791
TS1-1-4 CO, =4 Q L-w —59.2 7 26.5 298.4 5.77 1.040
TS1-1-5 CO, =4 Q L-w —62.8 79 26.4 292.5 4.14 1.028
TS1-1-6 L-v Q L —4.8 248.3 7.58 0.863
TS1-1-7 L-v Q L 261.4 0.845
TS1-1-8 L-v Q L —2.4 265.6 4.01 0.805
TS1-1-9 L-v Q L -1.8 262.5 3.05 0.800
TS1-1-10 L-v Q L -3.6 299.2 5.85 0.771
TS1-1-11 L-v Q L 278.3 0.804
TS1-1-12  CO, =Af Q L-CO, 7.9 223 298 4.14 1.029
TS1-1-13  CO, =Af Q 8 225 290.6 3.95 1.027
TS1-1-14  CO, =Af Q L-CO, 5.6 18.4 292.5 8.13 1.060
TS1-1-15 L-v Q L 242.0 0.856
TS1-1-16 L-v Q L 265.0 0.824
TS1-1-17 L-v Q L —4.5 292.0 7.15 0.797
TS1-1-18 CO, =#H Q L-w 6.1 248 289.6 7.31 1.052
TS1-1-19 L-v Q L 2.8 246.4 4.63 0.839
TS1-1-20 L-v Q L 32 281.8 5.25 0.792
TS1-1-21 L-v Q L -34 250.8 5.55 0.841
TS1-1-22 L-v Q L —2.6 251.4 432 0.829
TS1-1-23 L-v Q L 256.2 0.822
TS1-1-24 CO, =4 Q L-H,O 8.1 24.6 282 3.76 1.025
TS1-1-25 L-v Q L —4.3 262.5 6.87 0.837
TS1-1-26 L-v Q L —52 258.9 8.13 0.854
TS1-1-27 CO, =#H Q L —59.2 7.8 19.6 284.2 432 1.031
TS1-1-28 CO, =4 Q L —61.2 8.2 22.5 295.8 3.76 1.024
TS1-1-29 L-v Q L -3.1 258.6 5.09 0.826
TS1-1-30 L-v Q L —6.6 256.2 9.98 0.875
TS1-1-31 CO, =4 Q L =59 8.4 22.8 290.5 3.19 1.021
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Xof PR i DX 2 114 A R ik e ) 3 A 2 A i
TIWhoE o FERMAAMET, TFIREANAY A AH 24 W%,
RIEH B ATk & A8 2 0 AR, s
A5 S AR 1) 50 RS TROR B DK 40 R = Fh 2 Y,
O3 ) R S A AL AR (W-type) . CO-H,O £ LA
(C-type) FNAL VR AH L AR (B 6), TN IR MIAHM
B R (W-type) Fll CO,-H,0 AR (C-type) . IR HiH
LR (W-type): TEZE (20 °C) F FH Eh /K% A<
ML, SURHE S A LIRS, A T A e, LA
TE R AR A WAL B RTE RS, 2905 2 ik Bk
90%, A AT WLASHE LR 0 4 S A L A7 i S R4 2
A A AR S o DL ) F R AR TR e g VRAH 1
BER (W -type) TR L ALTE I 5%~40%, F 24
T 20%~35%2 8], KN4 F 4.0~20.0 pm Z [H],
T 5.0~92 pum, HETALIEIRL b4 5 1A B 5

1) 70%LA b & SR 2R (Wo-type) IS LU —
KT 50%, GHEARK/NIFATE 4.0~18.0 pm Z[H],
Pl 5.2~8.5 um fEZ,

CO,-H,0 I BEAR(C-type): 1% T 0 BEAAR L
(R FUAS PR AR AT 53 A1 355 JH At 2 AR e o B,
F (20 °C) T AT WL = AHAL AR (CO2(g)-CO2(1)-H20(1))
A AL 2 IR (COx(g)-H0(); K 4l £ 5.0~
10.0 pm Z [ (EH T 5.0~7.0 pm), ZBEEQILIK L
W-type T AR 0 Ml IR

SRR A IR A B RO B — VA,
AL B ARTEAR DR BRI, KA F 3.2 ~
7.1 pm Z i), BT 4.0~5.0 um; £ 4T AE K
W, o FEAAIRS AR ST, 5
BRI R AN B SIS R DL,
B2 5%,
422 REERFEEHMELSR

FEXTHEER) 5 PFREGL, SRV VR A1 —
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WA, X MRS IR b 3 B B B AR S E A T

BRI (R 6) o AN [ S 700 (14 4 ZE AR Ay 08 folc U0 31 25 0
FIJH] Brown et al.(1989)f) FLINCOR 3 HLFL 1T
BA A, ZE AT I A ER BE (Wt% NaCleguiv) o JEFKSFH R 5%
HERE G K E W-type. C-type f5E/K, W-type 11
BRI — IR EAN T 143.2~231.2 °CZ ], ¥E N
188 °C; VKIS T-6.1 ~ —1.2 °CZIa], H{H N
3.2 °C; HEFEAN T(2.06~9.34)% NaClequiv Z 7], 1
B} 5.25% NaClequiv; C-type fUZE A H COL FAR TR
AL R 25%~75% . W BIEALIRE N 6.8~

8.6 °C, XF N[ Eh B 4 (2.81~6.12)%NaClequiv, Bk R
A —IRE R 22.8~27.5 °C, 5E4H—laETE
186~221 °CzZ[a](El 7).
5 Wi

KT LA 9y TR VR [ A, 7 0D-0'%0 R (1
8), K LTS FUBEMSEH™ X FE 555 S 5 FE M s At 4
WYL, SEUTAR K F 2 38 K o A JERE A 7Sr/%0Sr
4 0.733 96~0.756 37(fti SCEE, 2020), =T 1E M A A
Sr [Alf 2 FLAE(0.719 03~0.725 83; XIIH R4, 2017),

Veo,— BRI Loo,——FALBRI A ; Vio— /K Lino— /KM o
Vco,—carbon dioxide gas phase; Lco,—carbon dioxide liquid phase; Vi,0—H,O gas phase; Ly,0o—H,O liquid phase.
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Fig. 6 Scanning electron micrograph of the fluid inclusions in Yanlinsi ore deposits
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Fig. 7 Histogram of homogenization temperature and salinity features of the fluid inclusions in Yanlinsi ore deposits
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Table 6 Homogenization temperature and salinity features of the fluid inclusions from northeastern Yanlinsi ore deposits

Wk A HEER  EGYW Tneo,C  TmaC  Theof°C  Tma°C THPC fff":c/l W% e g/en)
equiv.
YLS-1 L-V Q 32 152.6 525 0.955
YLS-2 L-V Q 4.8 167.2 7.58 0.956
YLS-4 L-V Q 2.9 154.9 479 0.949
YLS-5 L-V Q -3.5 158.1 5.70 0.952
YLS-6 L-V Q -1.6 153.7 2.72 0.938
YLS-8 L-V Q 4.1 169.8 6.58 0.947
YLS-9 L-V Q 42 178.5 6.72 0.939
YLS-11 L-V Q -3.0 195.4 4.94 0.908
YLS-14 L-V Q -35 174.3 5.70 0.936
YLS-16 L-V Q 32 1712 525 0.936
YLS-17 L-V Q 2.8 168.4 4.63 0.935
YLS-20 L-V Q -3.0 163.5 4.94 0.942
YLS-21 L-V Q 2.8 175.0 4.63 0.928
YLS-22 L-V Q -3.0 177.8 4.94 0.927
YLS-23 L-V Q -3.8 167.5 6.14 0.946
YLS-25 L-V Q 2.9 184.5 479 0.919
YLS-26 L-V Q 2.4 1923 4.01 0.905
YLS-27 L-V Q -3.8 186.5 6.14 0.926
YLS-28 L-V Q -1.9 180.2 321 0.913
YLS-29 L-V Q 2.4 178.3 401 0.921
YLS-32 L-V Q 52 163.2 8.13 0.964
YLS-33 L-V Q 2.6 175.4 432 0.926
YLS-35 L-V Q 2.1 1432 3.53 0.953
YLS-36 L-V Q 2.5 171.7 4.17 0.929
YLS-37 L-V Q -1.2 185.5 2.06 0.900
YLS-38 L-V Q 3.4 153.6 5.55 0.956
YLS-39 L-V Q 2.9 1843 4.79 0.919
YLS-49 L-V Q -3.1 192.5 5.09 0.912
YLS-50 L-V Q -52 209.4 8.14 0.915
YLS-51 L-V Q 43 2147 6.87 0.899
YLS-53 L-V Q -3.5 203.7 5.70 0.904
YLS-55 L-V Q 2.1 219.8 3.53 0.867
YLS-56 L-V Q 45 187.4 7.15 0.932
YLS-57 L-V Q -3.9 175.6 6.29 0.939
YLS-58 L-V Q -5.0 182.1 7.85 0.943
YLS-59 L-V Q 33 173.7 5.40 0.935
YLS-60 L-V Q 2.4 184.9 4.01 0913
YLS-61 L-V Q 4.0 226.3 6.43 0.882
YLS-62 L-V Q -1.6 191.8 2.72 0.897
YLS-64 L-V Q -6.1 216.3 9.34 0.917
YLS-65 L-V Q 3.7 203.4 5.99 0.906
YLS-67 L-V Q 22 197.1 3.69 0.897
YLS-68 L-V Q -1.4 195.4 2.40 0.890
YLS-70 CO, =H Q 6.8 228 186.3 6.12 1.044
YLS-41 CO, =4 Q 6.8 26.3 218.3 6.12 1.043
YLS-43 CO, =M Q 72 24.6 209.6 6.12 1.038
YLS-45 CO, =M Q 8.5 24.5 221.6 3.00 1.019
YLS-48 CO, =H Q 8.4 23.5 197.4 3.19 1.021
YLS-44 4l CO, Q 27.2
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080 i (McCuaig et al., 1998)%:A—F, oD {H [AIFEAL
TS B A BRCR 6 7 K 7975 Bl (McCuaig et al.,
1998; Ridley et al., 2000), '%0n,o fHIEA L HAth i
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KER, R AR FERIE TR TK, FIREA &6
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